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Abstract
There are many different dyes that are used for biological research, but not much is
commonly known about the origins of the dyes or how they are synthesized. Our dyes of interest
were Coomassie Blue G and Rhodamine B. Coomassie Blue G is a blue colored dye used mainly
for SDS-PAGE (gel electrophoresis) in biological research. Rhodamine B is used for its ability to
fluoresce under ultraviolet light. Both of these dyes have been used for research purposes for
many years despite researchers who use the dyes not having little background knowledge
regarding the purity of the manufactured dyes. We analyzed our dyes by testing the purity of the
dye and analyzing the components with chromatography tests. Most of our research was focused
on finding a suitable solvent system that would work with our zwitterionic material. After an
extensive series of trials, we found a solvent system that properly separated our dyes of interest.
This allowed us to find the components that are in the dyes as well as the components that make
up impurities. Components were collected by column chromatography and analyzed using proton
nuclear magnetic resonance spectroscopy. From this, we will be further analyzing the possibility
of finding a clear way of synthesizing the dye, while minimizing the presence of impurities.

Introduction
Histological stains are an important element of research in both the chemical and
biological fields. Histologists use these stains to view and identify different components of
animal and plant cell tissues (Alturkistani et al., 2015). Originally, histologists used these dyes
for many different purposes including but not limited to: molecular biological assays,
immunological techniques, and the preparation of tissues for microscopic viewing (Alturkistani

et al., 2015). Specifically, in biological studies these dyes are used for gel electrophoresis, and to
flag cells, proteins and/or nucleic acids (Alturkistani et al., 2015). Many of these techniques are
still used today and researchers continue to develop and study the dyes in order to maximize their
efficiency and accuracy.

Table 1. List of dyes and their various functions. Created from Microscopeworld.com

A few of the most historic dyes, and their functions, can be viewed in Table 1. Use of these dyes
is not a new phenomenon, as some of the above dyes have been used since pre-1946 (Conn,
1946). Coomassie Blue, a popular dye used in gel electrophoresis studies, was first used in a
1963 study by Altschul and Evans. Since these dyes have been in use for such a long time, one
must wonder why there have been no improvements or changes made in the last six decades. As
the old adage says, “if it is not broken, then do not fix it” and perhaps this is why few changes
have been made to these dyes. However, recently researchers have been attempting to eliminate
dyes that have toxic properties, to ensure laboratory safety (Alturkistani et al., 2015). Throughout
this project, we sought out to determine the purity of the dyes studied, how this purity affected
the functional success of the dye, and ultimately, what made these dyes so effective.

Identifying the Sample Set
Inspiration for this research came from the author’s introductory biology courses taken at
Butler University in Indianapolis, Indiana. Students in these courses performed labs using
common dyes, such as DAPI and Coomassie Blue. Coomassie Blue was used to stain proteins to
see both thylakoids and stroma after running through a polyacrylamide gel electrophoresis.
DAPI was used to stain HeLa cells so students could view them under a microscope. The
interesting part about some histological dyes is that most of them are so good at their job that
they are the only dyes to be used in their roles. This means that the specific dye used when a
respective research technique was developed, is still being used for that technique today. Since
there hasn’t been much change in certain biological research components such as SDS-PAGE
and other protein/DNA staining techniques, there has been no need to change the dyes used.
Initially, a list of dyes was obtained from Butler University student Jenna Nosek, who
worked in Dr. Chris Stobart’s lab. The dyes used in his lab are used to stain DNA as their lab
studies structures and functions of viruses. The list of all dyes used were as followed: Bacto
Basic Fuchsin, Rhodamine B, Light Green SF yellowish, Coomassie Blue (Brilliant Blue G),
Auramine O, STAT STAIN, FAST-Green FCF, Giemsa stain fischer, and bromophenol blue.
From the list, Dr. Wilson and I focused on 2 dyes, Coomassie Blue and Rhodamine B. based off
of price, availability, and resources available to understand/evaluate the dye. In addition, time
restraints limited our ability to look at a larger range of dyes. The chemical structures of these
two dyes can be viewed in Figures 1 and 2.

Fig. 1 Coomassie Blue G structure created on ChemDraw

Fig. 2 Rhodamine B structure created on ChemDraw

History of the Dyes
Due to the prolonged historical timeline of these dyes, finding information on each dye can
be a challenge. Credible sources for information can be found in some early reports. Initially, we
were interested in looking into the history of the dyes, who initially discovered the dyes, the time

period of their use, and the main properties and functions of each dye. Along with the literature,
we consulted many of the Butler University Biology professors who have used certain dyes for
their various research. As most of them use the dyes as a minute part of their research, they did not
have much knowledge on the dyes. It is interesting how many scholars use these dyes on a daily
basis without a solid understanding of their history. Historical analyses, such as this one, have been
performed on other dyes, such as toluidine blue (Ball and Jackson, 1953).
It was especially difficult to find information regarding the history of Coomassie Blue
dye. We believe that this is partially due to the fact that the dye has been used for many years
and has not changed much throughout its use. We found that the dye was created by the family
ran company Levinstein and Co. This company drove the development of the British chemical
industry in the late 19th century and early 20th century (Bradford, 1971). Two of the main family
members, Ivan and Herbert Levinstein, were a father/son duo that controlled the company. The
company had a several locations in Europe ranging from Milan to Paris to Trier then to Blackley.
The Blackley location was chosen because of its proximity to the textile-dye houses and
printworks of Lancashire (Bradford, 1971). It also is an area that has a large availability of raw
materials, which could be used for making dye (Bradford, 1971).
The company originated in Milan, Italy where they focused on silk dyeing, finishing and
dye making. While they were there, they primarily used aniline dye (Bradford, 1971). They filed
a few patents when they were in Milan with a majority of them being similar to aniline. The first
patent filed was No 981 of 20.4.1864, which is a provisional protection of improvements in the
preparation of purple, violet, and blue aniline dyes (Bradford, 1971). They claimed to have done
this by using Magenta, which was a very popular dye in 1864, and they heated it under pressure
with nitric ether (Bradford. 1971).

The team developed a line of Coomassie dyes, meaning there is more than just
Coomassie Blue, during a period called “the Coomassie colors” from 1895-1914 (Bradford,
1971). More specifically, Richard Herz was credited with being the creator of the dyes
Coomassie Union black, Coomassie Black B, and Coomassie Navy blue (Bradford, 1971). All
of these dyes are said to be important within the wool dyeing industry (Bradford, 1971).
Coomassie Navy blue was found to be heavily dependent on phenyl peri acid (Fig. 3) (Conn,
1946). It was also mentioned that the Coomassie Navy Blue dye was closely related to the
Blackley Blue dye (Conn, 1946), (Pubchem). When I tried to look for a chemical structure of this
dye, I was given an image of the Coomassie Blue dye, which suggests that these dyes may be the
same and explains why we have struggled to find more on their history.

Fig. 3 Structure of Phenyl peri acid. Image retrieved from:
https://discofinechem.com/products/8-anilino-1-naphthalenesulfonic-acid-phenyl-peri-acid/

Rhodamine B (Fig 4) is a xanthene dye used for its ability to fluoresce under ultraviolet
light. A xanthene dye is a dye that contains a di-benzo-g-pyran nucleus with an amino or
hydroxy group located meta to the oxygen found on the dye (Wright, 2014). This is valuable for

studies regarding viruses and insect histology as these structures are hard to view without
staining (Conn, 1946).

Fig. 4 Examples of various xanthene dyes. Image retrieved from:
https://www.tcichemicals.com/eshop/en/gb/category_index/13001/

Coomassie Blue, on the other hand, is a more recent dye with it being first referenced in a
research paper in 1967 (Altschul and Evans, 1967). It is used mainly with SDS-PAGE research
(Pederson and Faseb 2008). It is also known for providing a fast, reproducible method for
quantitative research of proteins (Pierce and Suelter, 1977). From the US patent, we found they
used techniques such as condensing materials and then drying/pulverizing the material to get
triphenylmethane, a main component of Coomassie Blue. While this is not the exact same as our
dye, there are some similarities such as the three phenyl groups that may be beneficial to our
understanding of the synthesis of Coomassie Blue.
Solvent System Information
To easily complete analyses on our two dyes, I found solvent systems that were used for
methylene blue and sodium fluorescein (Gleadle et al., 1966). We hypothesized this may be
beneficial for Coomassie Blue, because these dyes have similar properties to our dye. The

following solvent systems were used: straight ethanol (95%), ethanol/water, acetone/npropanol/water, propanol/water/glacial acetic acid, acetone/n-propanol/water/glacial acetic acid,
water, 3 acetone/2 n-propanol/ 1 water, 2 ethanol/1 acetone/3 water/1 glacial acetic acid. Gleadle
et al. found that the best results came from the acetone/water solvent for the methylene blue dye.
For separation purposes, 95% ethanol produces the best outcomes (Gleadle et al., 1966).
In addition to looking at a variety of solvents, I also focused on whether the dyes were
pure. Previous research has shown that it is because of diluents, substances, and potentially other
dyes that get mixed in with the dye that is the desired product (Bonicamp and Moll, 1997). They
suggested that the best way to purify the dye would be to use recrystallization (Bonicamp and
Moll, 1997). Some of the solvent systems they had suggested are as follows:
pyridine/nitrobenzene, acetone/carbon tetrachloride, ethanol, xylene/acetone, benzene/acetone,
toluene/acetone, and magnesium carbonate/ethanol (Bonicamp and Moll, 1997). They also
suggested to use larger chromatography and to avoid paper chromatography because it does not
show separations well enough (Bonicamp and Moll, 1997). Each one of these solvent systems
helped us to narrow down systems to try and ultimately helped us to find our solvent system of
interest.

Method Development

Roadmap 1. General steps of research process listed in order. LCMS analysis was
excluded from final experimental steps due to time constraints and machine being unavailable
for a long period of time. Abbreviations found in roadmap: TLC (thin line chromatography),
HNMR (Proton nuclear magnetic resonance), Rotovap (rotary evaporation).
TLC Analysis
(Figs. 6-8)
For the initial stages of our research, we wanted to gain a general understanding of our
dyes by seeing if any separation was observed through thin line chromatography. Our initial ratio
for thin line chromatography (TLC) falls under the category of a more traditional TLC solvent
system. For the solvent system we used the ratio of 0.5 H2O (water): 1.5 MeOH (methanol): 8
EtOAc (ethyl acetate). This solvent system was used due to its availability as well as its general
success for other TLC separations. We dissolved our powder form dye in methanol because we
found that it could be easily dissolved and did not leave behind a powder residue. This approach
helped us ensure that the results we saw are from the dye and not the methanol.
The first trial of TLC plates was done without a specific amount of dye or methanol. At
first, we just wanted to see some separation, so we did not record the amount of dye or methanol.
From our plates, we found that the concentration of the dye on the plate was too high and

therefore we could not tell if we were seeing separation or streak marks. We then ran the TLC
plates again using a specific amount of dye (0.05g) and methanol (5ml). This approach provided
clearer results but still was not as accurate as before. We then decided to increase the methanol to
10 ml. This showed much clearer separation for the Coomassie Blue but did not show any
separation for the Rhodamine B. Having no separation could indicate either purity or
experimental error. We were extremely hesitant to conclude that Rhodamine B was pure, so we
decided to continue exploring both dyes. Generally, we noted that the dyes could easily stain any
surface and therefore we needed to be extremely careful with the amount of dye that was present.
The more dye that was included on a TLC plate or any other test we conduct could lead to
inaccurate results. This was an issue we found ourselves battling throughout our research.
The separation seen on the TLC suggested that the Coomassie Blue was not pure. HNMR
allowed us to focus specifically on the structure of the compound. We compared the known
structure of the dyes to the actual structure observed in our dyes via HNMR studies. Knowing
the baseline structure of our dye allowed us to compare that to the theoretical structure and the
separations observed from the TLC.

HNMR Analysis of Dyes
(Figs. 9-10)
After completing our TLC plates, we conducted an HNMR of both Rhodamine B and
Coomassie Blue using the Bruker Biospin Avance III HD 400 Nanobay System at Butler
University. For the NMR, we ran a proton NMR under standard conditions. We dissolved the
dyes in Chloroform-D, since that is known to be a more traditional solvent system. Initially, we
believed that the results we received corresponded to the hydrogens found in the known structure

of the dyes. With further analysis, we determined that our results corresponded to the
Chloroform-D instead of the dye, suggesting that the dye was not truly dissolving in the solvent
as we intended. We did not come to this realization until further into our research, so at the time
we decided to proceed with chromatography to determine specific separations. These separations
would be seen through the observation of different colors and would be collected in different test
tubes.

Column Chromatography Analysis
(Fig. 11)
While running the column chromatography using the ISCO automated purification
system, we focused our efforts on Coomassie Blue to complete a full analysis of one dye before
moving to the next dye. Also, since we did not see any separation of the Rhodamine B on TLC, it
made sense for us to stick with Coomassie Blue for now. From running the column
chromatography, we collected 4 different separations. Separations were determined based on the
coloring of the test tubes. Test tubes that were relatively close in color were combined in a round
bottom flask. The four colors collected were yellow, light blue, royal blue, and dark blue. A
majority of the collected substance was the dark blue color, which is practically identical to the
color of Coomassie Blue when dissolved in methanol. This could potentially indicate that a
majority of the Coomassie Blue dye is pure. One thing we noted during the running of our
column chromatography was that the color came out very strong and took a long time to elute,
even when using a low concentration. From this, we concluded that when we run the next
column chromatography, we would use half the amount of dye to obtain faster results.

With our collected separations, we removed the solvent under reduced pressure. A mass
of the product was determined by difference. We noted that the royal blue and dark blue
substances took much longer to become solid compared to the other colors. Once we had four
different compounds, we returned to HNMR to estimate the structure of each isolated compound.

Fig. 5 ISCO automated purification system machine used at Butler University. Coomassie Blue
dye was run through the machine to collect peaks and separations.

HNMR Analysis of Coomassie Blue Isolated Compounds
(Figs. 12-14)
When we ran our proton NMR on each of the samples, we once again dissolved each sample in
chloroform-D. We did find some similarities between the sample HNMR and the original
Coomassie Blue. At first, we had thought that the yellow sample could have been the leuco form
of the Coomassie Blue, meaning an H+ was added to it making it oxidized. Each separation also

contained peaks in aryl regions suggesting similarities with the samples and the Coomassie Blue.
This result suggested that the samples were various forms of the Coomassie Blue or they were
intermediates that lead to the dye. Once we got the HNMRs for each dye, we decided to once
again run TLCs on each of the samples to see if there were still any separations observed within
the samples suggesting further impurities within our isolated compounds.

TLC Analysis of Coomassie Blue Isolated Compounds
(Fig. 15)
With the TLC results, the yellow showed no separation and traveled far up the plate. The
light blue color traveled and showed more separation than expected. Finally, the dark blue color
also seemed to show some separation but was difficult to determine. We felt that further analysis
needed to be done to confirm the results that we were getting because most of the results that we
were receiving were quite different than what we had expected. We decided our best course of
action would be to try and find a better solvent system so we could gain clearer results.

TLC Analysis Cont’d – Obtaining a Better Solvent System
(Figs. 16-19)
We wanted to try and find a solvent system that did not have water in it because water is known
to skew results on color chromatography. The first solvent system we used was 4 Hexane: 4
EtoAc: 2 CH2Cl2 (methylene chloride). We found that the dyes did not move at all. Also, we
noted that the dots on the TLC plate were large and would have caused skewed results had

movement been shown. The large dots were due to experimenter error. Our second tested solvent
system was 8 Hexane: 2 CH2Cl2. For the Coomassie Blue dye there was once again no observed
movement, but the Rhodamine B did have very slight movement. We did not find the movement
to be significant enough, so we decided to try another solvent system. Our third solvent system
used was 8 EtOAc: 2 CH2Cl2. This solvent system provided no movement for the Coomassie
Blue and slightly more movement for the Rhodamine B. At this point, we thought that
potentially the Rhodamine B was actually dissolving itself into the solvent system and that was
why we were observing the movement for the Rhodamine B. Our fourth solvent system we tried
was 16 EtOAc: 3 CH2Cl2: 1MeOH. This showed movement for both of our dyes, but there was
some streakiness observed on the plate. We decided to go forward with this solvent system and
see if this dye would work with the column chromatography.

Column Chromatography of Coomassie Blue with Waterless Solvent System
For this column chromatography we ran the dye for a while and noticed that no peaks
were found. This allowed us to see that the dyes had not actually moved on the TLC plate, but
instead dissolved into the solvent system and travelled upwards with it. Since this solvent system
did not work as expected, we then continued to try and find another solvent system that worked
for the dyes using TLC. This time, we decided to just look at Coomassie Blue, since that was the
one that we had the most trouble getting to move.

TLC Analysis Cont’d – Obtaining a Better Solvent System
(Figs. 20-26)

Our first solvent system we tried was 2 Hexane: 6 MeOH: 2 CH2Cl2. We saw the dye
move completely up the plate with no separation observed. This is most likely due to the amount
of methanol that was in our solvent system. Our second solvent system (6 MeOH: 4 CH2Cl2) had
similar results confirming our suspicion that the methanol was the reason why the dye was
moving so far up the plate. We then tried to scale back on the methanol making our solvent
system 6 CH2Cl2: 4 MeOH. Once again though, we saw that the dye moved up with the solvent
system and did not separate. For our fourth solvent system we used 7 EtOAc: 2 CH2Cl2: 1
MeOH. For this, we did see actual separation though we did not see as much movement along
the plate as we would have liked. We then decided to alter the ratio and use 5 EtoAC: 3 CH2Cl2:
2 MeOH. For this there was both separation and movement, but the plate was streaky and that
had us concerned for future investigation. We then used the solvent system of 8 EtOAc: 2
MeOH. This had a similar separation as the previous system, but it was still a little too streaky.
The next solvent system we used was 9 EtoAC: 1 MeOH. This provided the best separation and
the least amount of streakiness on the plate.

Column Chromatography of Coomassie Blue with New Solvent System-Attempt 2
(Fig. 27)
With this new waterless solvent system, we decided to run it through a column
chromatography. With this column, we received 9 different test tubes of separations. We
observed some peaks on the machine, though we were not sure if that was from the dye or not.

We decided to then run a TLC on each of the collected separations to see if we could determine
any qualitative differences for each of the separations. With each of the dyes there was no
separation and very little movement observed. While we were not expecting any separation, we
were hoping for a variance of movements for each of the separations to represent different
materials. Since this did not occur, we had to assume that we did not actually observe any real
separation. Once again, we had to find another solvent system to use.

TLC Analysis Cont’d – Obtaining a Better Solvent System
(Figs. 28-36)
At this point, we took another look at the structure and realized that the structure has
zwitterionic properties, similar to amino acids. This led us to believe that it may be a better idea
for us to use a solvent system that would work for zwitterionic compounds. The solvent system
we then decided to try was 8 1-butanol: 2 acetic acid. We found that for both dyes there was
separation and movement observed with the least amount of streakiness. Since this solvent
system was a non-traditional one, we realized that we would have to create our own column
chromatography instead of running it through a machine.

Analysis with Zwitterionic Solvent System
(Figs. 37-65)
For the first column, we used silica gel and sand to create the column and ran the
Coomassie Blue dye. Because of the silica, we did not observe good separation. We then decided

to rerun the column using alumina instead of silica. This column did provide separation, so we
then collected the three distinct separations and ran a TLC on them.
The TLC’s each showed different separations indicating that there were different
substances. This allowed us to run an NMR analysis on the Coomassie Blue’s three separations.
We decided to compare the three separations to the original Coomassie Blue NMR. We were not
able to determine any significant differences with the samples and we believed that this was
because the dye did not dissolve well enough in the chloroform-d. We then decided to rerun the
NMR using methanol-d4 solvent because we knew that our dyes dissolved better in methanol.
We also ran a column chromatography for Rhodamine B and also noted three separations.
Our final steps of this analysis were to determine the differences observed with each of
the separations. This allowed us to relate the final products of the dye back to the creation of the
dyes themselves to determine if the separations were intermediates of the product or if they were
something else. A big part of our research was finding the best pathway to be able to conduct this
research efficiently. This could be used for future analysis of other dyes or other materials that
possess zwitterionic properties.

Results and Discussion
TLC Analysis of Rhodamine B and Brilliant Blue G

Fig. 6 Left picture represents Coomassie Blue TLC plate. Right picture represents Rhodamine B
TLC plate.
From the two plates I determined that the plates were too concentrated too determine if
any true separation occurs. These TLC plates illustrate how powerful or strong these dyes are;
little dye could go a long way. The concentration of these dyes was so high that the affinity with
themselves gave a hyperconcentration effect (the strong bands present on the TLC plates).

TLC Analysis Retrial

Fig. 7 First trial of Rhodamine B and Coomassie Blue. 0.05 g of Rhodamine B and Coomassie
Blue with 5 ml of methanol.

Fig. 8 Second trial of Rhodamine B and Coomassie Blue. 0.05 g of dye and 10 ml of methanol.

The second trial showed a clearer distinction of separations. As expected, the blue
showed at least two distinct separations. Unexpectedly, the Rhodamine B showed no separation.
This could either be potentially due to experimental error or it could be a pure substance with the

previous trials being experimental errors. Further retesting should be done to see if similar results
are present.
NMR Analysis of Unpurified Coomassie Blue and Rhodamine B

Fig. 9 Proton NMR of Coomassie Blue. Peaks 1-5 represent aryl ring peaks. Peak 6 represent N+
to CH2 bond. Peak 7 represents ethyl group connected to uncharged N. Peak 8 represents CH3
groups.

Fig. 10 Proton NMR of Rhodamine B. Peaks 1-5 represent aryl rings. Peak not shown at ~11 for
-COOH group. Peak 7 represents ethyl group and peak 8 represents –CH3 groups.

The peaks were identified on the HNMR sheet with a drawing of the actual structure
located on the HNMR graph. This was used in our later testing to compare samples when
chromatography was completed. For the Coomassie Blue proton NMR (Fig. 6) aryl region, the
first peak was an ortho substituted ring labeled within the figure. The second peak represents
both of the rings that have nitrogen attached to them. While they do look like separate structures,
they are the same peak due to resonance. The third peak represents the solvent. Peak four
represents a meta substituted ring on the outer region of the molecule. The fifth peak represents
another meta substituted ring located on the other side of the molecule. This was different than

the fourth peak because there was an additional peak that also shows up for the hydrogens that
are found off one of the substituted sides of the ring, which was different than the other meta
ring.
For the Rhodamine B HNMR, an attempt at labeling the peaks were made, but there were
more peaks in the aryl region than expected. We think this is partially due to the fact that the dye
did not completely dissolve in the Chloroform-D solvent. Because of this, the data was not
officially considered for analysis and an analysis was redone for both of the dyes, with a
different solvent used to dissolve the dyes.

Color Chromatography of Coomassie Blue

Fig. 11 Image of column chromatography test tube results. First column shows more of a yellow
color. Second column includes light blue and royal blue. Third column shows the dark blue
(more than likely actual Coomassie Blue).

After chromatography, four distinct bands of visually different colors were collected.
First was a yellow color, second was a light blue, third was a royal blue, and fourth was a dark
blue color (similar to the color of Coomassie Blue). As expected, a majority of the separation
was the dark brilliant blue color, suggesting that a good percentage of our dye is the marketed
substance.
Amount of each separated color
Sample A (Yellow) pre weight: 51.11g

Sample A post: 37.93g

Sample B (Light blue) pre weight: 60.62g

Sample B post: 31.53g

Sample C (Royal blue) pre weight: 189.70g

Sample C post: 110.50g

Sample D (Dark blue) pre weight: 244.50g

Sample D post: 112.96g *

*Lost some sample due to error.
Table 2. Mass values for each isolated part of Coomassie Blue. Pre-weight is in liquid form
while post weight is solid form.

NMR Analysis of Coomassie Blue Component

Fig. 12 Coomassie Blue sample A (yellow color) proton NMR

Fig. 13 Coomassie Blue sample B (lighter blue color) proton NMR

Fig. 14 Coomassie Blue sample C (royal blue color) proton NMR

After discussing with Dr. Wilson, a few conclusions were made. We tried to match the
peaks with the original dye but found that the results were inconclusive due to the dye not
dissolving properly with the solvent. We can clearly see that there are forms of impurity, but we
cannot make any educational guesses as to what each sample represents. After this, the plan was
to run TLC to see if any separation can be observed. After looking at these results a few times,
we also considered the possibility that the results we were receiving were not as accurate as we
had originally thought. We eventually came to the conclusion that it would be best if were to
rerun most of our experiments to determine if what we were seeing could be repeated or if our
solvent system was affecting our results.

TLC of Coomassie Blue Components

Fig. 15 TLC plates of each sample separation of Coomassie Blue. Left is sample A (yellow
color). Middle is sample B (lighter blue color). Right is sample C (royal blue color).

Sample A (Yellow) showed no separation. This is what we expected and suggests that
the form is leuco form. Sample B (Light blue) showed a lot of separation, more than expected,
and confirms that further investigation on the separate substances needs to be completed.
Sample C (Dark blue) also may have some separation, but it is too hard to tell so further
investigation needs to occur. We considered doing a more advanced column chromatography at
the Indianapolis Museum of Art, but at the time the machine was unavailable. This led us to the
decision of retesting our dyes.

TLC Analysis of Rhodamine B and Coomassie Blue
Solvent system ratio 1 Hexane 40: EtOAc 40: 20 CH2Cl2 (4ml:4ml:2ml)

Fig. 16 Left picture represents Coomassie Blue TLC plate. Right picture represents Rhodamine
B TLC plate.

From both of these plates we see that no movement occurred. The dots produced on the
TLC plate were a little larger than intentional and would have potentially skewed the data had
there been movement on the plate. Since there is no movement, the size of the dots does not
matter, and the main takeaway is that no movement is observed on the plate. This means that the
solvent system would not work for either dye and another system should be considered.

Solvent system ratio 2 Hexane 80: CH2Cl2 20 (16ml:4ml)

Fig. 17 Left picture represents Coomassie Blue TLC plate with solvent system 2. Right picture
represents Rhodamine B TLC plate with solvent system 2.

Here, the Coomassie Blue dye once again showed no movement along the TLC plate.
There was what looked to be slight movement in the Rhodamine B plate, though this could have
been a result of too much dye being present on the plate. For example, if the dotter that places
the dye was accidentally dotted twice, it could have caused the circle-like structure to appear on
the plate. This could lead to the belief of false movement. Overall, this solvent system still does
not provide desired movement so further testing on other solvents needed to be explored.

Solvent system 3 EtOAc 80: CH2Cl2 20 (16ml:4ml)

Fig. 18 Left picture represents Coomassie Blue TLC plate with solvent system 3. Right picture
represents Rhodamine B plate with solvent system 3.
Once again, the Coomassie Blue G dye showed no movement on the TLC plate. The
Rhodamine B plate did show evidence of some movement though no actual separation was
observed. This may be because the dye is actually dissolving itself into the solvent system and
travelling up the plate with the solvent instead of being its own entity. This solvent system did
not work for us because we were looking for a solvent system that would work for both of our
dyes.

Solvent System 4 EtOAc 80: CH2Cl2 15: Methanol 5 (16ml:3ml:1ml)

Fig. 19 Left picture represents Coomassie Blue TLC plate with solvent system 4. Right picture
represents Rhodamine B TLC plate with solvent system 4.

This is the first solvent system that we found to show separation for both dyes that does
not include the use of water. For the Coomassie Blue we can see a clear separation and even
view that there are color changes as the dye travelled further along the plate. This indicates that
some of the non-polar substances found in the Coomassie Blue G are not the dye itself and are
instead potentially starting materials. For the Rhodamine B dye, there is also at least two
separations seen on the TLC plate. Even with these results, the TLC plates were not as clear as
hoped (have a streaky appearance). Part of this could be due to the amount of dye that is found
on the plate, but it could also be a result of the dye dissolving itself in the solvent system. By
running a column chromatography, we may gain a better understanding as to what is actually

happening with our dyes and whether or not the separations are actual separations. To begin this
exploration, we will start with Coomassie Blue G, since we already have previous data from
column chromatography and NMR that was run in previous semesters

Column Chromatography of Coomassie Blue
After running our dye through the column chromatography for a while, we noticed that
no peaks were being acquired. Peaks are the way to determine whether or not actual separation is
observed with the solvent system being utilized. Since we had no peaks, we were able to
determine that the separation observed on the TLC plates were actually just the dye dissolving
within itself and moving with the solvent system instead of acting as its own substance. This
means we need to find a better solvent system that can produce actual peaks.

TLC Analysis of Coomassie Blue
Solvent system 5 Hexane 20: MeOH 60: CH2Cl2 20 (2ml:6ml:2ml)

Fig. 20 TLC plate of Coomassie Blue dye and solvent system 5

This plate shows movement up the plate but has no separation with it. This is more than
likely due to the amount of methanol used in the solvent system. We also would like to see less
movement than what we were getting in this result.
Solvent system 6 MeOH 60: CH2Cl2 40 (6ml:4ml)

Fig. 21 TLC plate of Coomassie Blue dye and solvent system 6
For this plate, there is once again too much dye and we believed that the methanol was
the cause behind that. This means that the dye is dissolving within that methanol and riding with
the solvent front instead of acting as its own substance.

Solvent system 7 CH2Cl2 60: MeOH 40 (6ml:4ml)

Fig. 22 TLC plate of Coomassie Blue dye and solvent system 7

For this plate, we can clearly see that the dye has dissolved in itself and travelled with the
solvent system. This is why the dye spread out from its original dot and formed into a line that is
similar to the solvent line.

Solvent system 8 EtOAc 70: CH2Cl2 20: MeOH 10 (7ml:2ml:1ml)

Fig. 23 TLC plate of Coomassie Blue dye and solvent system 8

This was the first new solvent system that showed separation of the dye. Unfortunately,
there was not enough movement on the plate for us to believe that this would be a good enough
solvent system. We then decided to alter the ratio of these chemicals to try and gain some better
results.

Solvent system 9 EtOAc 50: CH2Cl2 30: MeOH 20 (5ml:3ml:2ml)

Fig. 24 TLC plate of Coomassie Blue dye and solvent system 9
This plate showed the appropriate amount of movement and was considered to be a
potential solvent system for our dye. Our only concern was the amount of streakiness that was
present on the dye.
Solvent system 10 EtOAc 80: MeOH 20 (8ml:2ml)

Fig. 25 TLC plate of Coomassie Blue dye and solvent system 10

This plate also showed similar separation as the previous solvent system, but still was
considered to be too streaky. Again, we explored a different ratio of this solvent system to use in
further testing.

Solvent system 11 EtOAc 90: MeOH 10 (9ml:1ml)

Fig. 26 TLC plate of Coomassie Blue dye and solvent system 11

We believed that this solvent system provided the best separation and the least amount of
streakiness. This is what we used for our next round of column chromatography. It is worth
noting that there is still a fair amount of streakiness present on the TLC plate. Because of this we
needed to explore using an exotic solvent system to produce more accurate results.

Column Chromatography with EtOAc 90: MeOH 10 ratio for Coomassie Blue

Fig. 27 Column loaded with Coomassie Blue dye and calcium carbonate.

From this column, we were able to receive 9 different test tubes of product. This indicates
that some form of separation was present. In addition, there were also some peaks present,
though we are not 100% sure that the peaks came from our dye. To fully confirm we would like
to run TLC plates on all 9 test tubes.

TLC of 9 Separations of Coomassie Blue dye from column chromatography

Fig. 28 Separation 1 TLC plate with solvent system 11.

This produced a faint spot of the dye on the TLC plate and had very minimal movement.

Fig. 29 Separation 2 TLC plate with solvent system 11.

Fairly faint spot of dye found on the TLC plate. Also, little to no movement of the actual
separation.

Fig. 30 Separation 3 TLC plate with solvent system 11.

Slight separation observed on this plate. In addition, there was very minimal movement
on the plate, with the only movement being shown as streakiness on the plate.

Fig. 31 Separation 4 TLC plate with solvent system 11.

No movement observed on the plate with this sample. Also, no separation observed.

Fig. 32 Separation 5 TLC plate with solvent system 11.

No movement or separation observed from this plate. The initial dot of the dye was much
darker due to a difference in color in the test tube compared to previous samples.

Fig. 33 Separation 6 TLC plate with solvent system 11.

No movement or separation observed for this plate.

Fig. 34 Separation 7 TLC plate with solvent system 11.

No movement or separation observed for this plate.

Fig. 35 Separation 8 TLC plate with solvent system 11.

No movement or separation observed for this plate. Lighter dot was observed on plate.

Fig. 36 Separation 9 TLC plate with solvent system 11.

No movement or separation observed on this plate. Once again, lighter dot was observed
on plate.

From each one of these test tubes, we see very limited motion or separation with any of
the samples. We were not expecting to see any separation because the goal of column
chromatography was to separate the samples. We were expecting to see each of the TLC plates
to have a different amount of movement to show that separation of the original dye occurred, and
each test tube is a different substance. Since we had little to no movement for any of the TLC
plates, we are led to believe that our substances are not different, and no real separation is
observed. This suggests that we need to look at another type of solvent system that would better
support our dye.

TLC with solvents from literature

Solvent system 12 Toluene 80: Methylene Chloride 20 (8ml:2ml)

Fig. 37 TLC plate of Coomassie Blue with solvent system 11

No movement or separation observed from this plate

Solvent system 13 Toluene 50: Acetone 50 (5ml:5ml)

Fig. 38 TLC plate of Coomassie Blue with solvent system 13

This solvent system provided movement and separation. We still got streaky results, so
we decided against using this solvent system.

Solvent system 14 Isopropanol 100 (10ml)

Picture of this TLC plate was not recorded. With this plate, no movement was found so
we did not make this our new solvent system.

Solvent system 15 Toluene 60: Acetone 40 (6ml:4ml)

Fig. 39 TLC plate of Coomassie Blue with solvent system 15

Here, we observed some separation, but we did not see a lot of movement like we saw
with solvent system 2. After testing this solvent, we decided to look at solvent systems that
would support zwitterionic molecules. To do this, we looked at solvent systems that would be
used for amino acids.

TLC of Dyes with a Zwitterionic Solvent System
Solvent system 16 1-butanol 80: Acetic acid 20 (8ml:2ml)

Fig. 40 Left picture represents TLC plate of Coomassie Blue with the zwitterionic solvent
system. Right picture represents TLC plate of Rhodamine B with the zwitterionic solvent system.

Both plates showed clear separation and were less streaky than previous solvent systems.
We believed that the results seen from the TLC plates were sufficient enough to continue on with
further testing. Since this is not a traditional solvent system, we would need to perform our own
column chromatography instead of using the machine.

Column Chromatography of Coomassie Blue with Zwitterionic Solvent System

Fig. 41 Column with our dye and the zwitterionic solvent system.

From the picture we can see that no clear distinctions or separations are seen. We believe
that this is due to the use of silica and not our solvent system. To test this, we plan on redoing the
column by replacing the silica gel with alumina.

Column Chromatography and TLC Analysis of Coomassie Blue

Fig. 42 Column with Coomassie Blue dye, alumina, and zwitterionic solvent system.

From this picture we can see a clear separation within the column. From the column we
were able to collect 3 distinct separations that were used for further testing. To begin we wanted
to run TLC plates on each of our separations and then produce an NMR for each of the
separations.

Fig. 43 TLC analysis of the three separations collected from the column chromatography. Picture
on top left represents the first separation eluted off the column (sample A). Picture on top right
represents the second eluted separation (sample B). Picture on bottom left represents third eluted
separation (sample C).

From each of the TLC plates, we can see that they have their own distinctive amount of
movement along the plate. This means that we do have actual separations and that we can
proceed to having them further analyzed via NMR.

NMR Analysis of Coomassie Blue Components

Fig. 44 HNMR of Coomassie Blue dye (original sample)

Fig. 45 HNMR of sample A for Coomassie Blue

Fig. 46 HNMR of sample B for Coomassie Blue

Fig. 47 HNMR of sample C for Coomassie Blue

For these HNMRs, we dissolved our dye in Chloroform-D. With each one of our
spectrums, we did not see a desirable amount of differences to fully conclude that separation was
being observed. Instead, we noticed that most of the spectrum was actually representing
Chloroform-D and not our sample. This is because our dye did not dissolve well enough with
that solvent. We will be retrying NMR again with Methanol-D4 because we know that our dye
does dissolve in methanol.

Column Chromatography of Rhodamine B

Fig. 48 TLC plate of Rhodamine B using the zwitterionic solvent system

We decided to run a TLC plate before proceeding with the column chromatography since
we had a lot of trouble finding a solvent system for Coomassie Blue. This TLC plate shows
movement on the plate as well as separation. We also did not see any streakiness, so we believed
that this solvent system would work for the Rhodamine B.

Fig. 49 One of the separations collected from the column chromatography

With our column chromatography, we observed three separations, which was similar to
the Coomassie Blue dye. We wanted to run NMR for these separations with the Methanol-D4
solvent to see if we could further analyze the components of the dyes.

TLC Analysis of Rhodamine B and Coomassie Blue
*See appendix for full NMR spectra*
From each of the HNMRs we can see a clear difference between each one of our
separations and our dyes. One area of interest we found was the aryl region, between 6-8 ppm.
We decided to blow up these regions to see if we can have a better visual to determine the
differences between each sample.

Detailed HNMR Data for Coomassie Blue and Rhodamine B

Fig. 50 HNMR of Coomassie Blue G dye from 6.0-8.0 ppm

With this HNMR, we saw that there were a few peaks found in the aryl region. In the 7.77.8 ppm region there was a peak that has two doublets. From 7.2-7.4 ppm we saw a peak that
included two triplets and a quartet. At about 6.9 ppm we saw a triplet. And finally, at about 6.66.8 ppm we saw a triplet with a singlet. This was our baseline for the comparison that we use
with the rest of the sample HNMRs to determine whether or not any of the samples are similar to
the dye itself. It makes sense for us to see these four distinct peaks because there are four rings in
the known dye structure.

Fig. 51 HNMR of Coomassie Blue sample A from 6.0-8.0 ppm

For this HNMR, our peaks were not as clearly defined as they were for the original dye,
but we do see a few peaks that standout. For example, at region 7.9 ppm we see a large singlet
peak. This was not present in the original dye and could indicate a difference in structure. Next,
we see a peak at about 7.7-7.8 ppm that looks like a doublet. This does have some similarity to
the original dyes peak at the same region just without the second doublet. At region 7.2 ppm,
there is a peak that could either be a doublet or potentially even a quartet. If it is a quartet it could
be similar to what we had seen for the original dye. At region 7.0 ppm, there is another quartet

seen, which is found in a region similar to what the triplet from the original dye was found at.
There are a few other smaller peaks found within the aryl region, but they are too hard to
determine what is actually observed. This may be because there was not enough sample in the
NMR tube or the sample did not properly dissolve all the way. In order to fully determine what
peaks we see, we would need to run another HNMR. It is also important to note that this sample
is what eluted first off of the column. Since we determined that the fourth item to elute off the
column was our dye, this could mean that this sample is the furthest away from what our dye
actually is. Since we do see a lot of similarities, we could suggest that it may be an intermediate
to our final product.

Fig. 52 HNMR of Coomassie Blue sample B from 6.0-8.0 ppm

For this sample we first see at about 7.9 ppm there is a singlet just like in sample A.
There also appears to be a doublet at 7.7 ppm just like with sample A and the original dye. At 7.4
ppm there is what appears to be either a triplet with a singlet or a quartet, though it is hard to tell.
This could be more like the original dye at the 7.2-7.4 ppm region. Finally, at 7.0 ppm we see a
peak that is a quartet similar to what we observed on the sample A and original dye. Since there
are many similarities between sample A and sample B, there is a slight possibility that they could
be the same substance or two intermediates that are very close in structure with one another.

Fig. 53 HNMR of Coomassie Blue sample C from regions 6.0-8.0 ppm

From this HNMR, we are unable to see any defined peaks. The only region that stands
out is the singlet at region 7.9 ppm, which was observed for the other samples but not the
original dye. Since this region is very messy, we are not able to properly compare it to the other
samples. This may have not been as clear as we would’ve liked due to the dye not dissolving
properly or not enough of the dye in the NMR tube. It would be best if we were able to rerun the
sample, though due to certain circumstances we are unable to do so.

Fig. 54 HNMR of Rhodamine B dye from region 6.0-8.0 ppm

The Rhodamine B dye had much clearer peaks than the Coomassie Blue dye had. This
made it much easier for us to compare the samples with the original dye. At about 8.3 ppm there
is a doublet peak. At about 7.8 ppm there is a sextet. At 7.4 ppm there is a doublet. From 6.9
ppm to 7.1 ppm there are 3 distinct peaks. There appears to be two doublets and a singlet in this
region. Just like with the Coomassie Blue dye, this will serve as our baseline for the other
samples.

Fig. 55 HNMR of Rhodamine B sample A from region 6.0-8.0 ppm

From regions 7.6-7.7 ppm there appears to be either two triplets or potentially a sextet. If
it is a sextet this could be similar to what we saw at 7.8 ppm for the original dye. At about 7.3
ppm there is a doublet. This could be similar to the 7.4 ppm peal we observed for the original
dye. At 7.0 ppm there also appears to be a doublet. Finally, at 6.9 ppm there is a singlet peak.
Compared to the original dye, a lot of the peaks appear to be the same. The only distinct
difference between the two substances is there is one less doublet at about 7.0 ppm for the
sample A dye. This gives us a good indication that this sample could be an intermediate to the
dye.

Fig. 56 HNMR of Rhodamine B sample B from region 6.0-8.0 ppm

At 7.6 ppm there is a quintet peak. This is the same region where sample A and the
original sample had the sextet. Perhaps this is a variant of that region, with a substituent being
changed. Between 7.2-7.3 ppm there is a triplet found. This is also different from the sample A
and original dye. Around 7.0 ppm there appears to be a doublet of doublets. At 6.9 ppm there is a
doublet. This sample seems to be a fairly different from the original dye, though there are peaks
found at similar areas. This could mean that it is an intermediate or it could be a completely
separate product that is making the dye impure.

Fig. 57 HNMR of Rhodamine B sample C from regions 6.0-8.0 ppm

For this sample, it appears to have almost identical peaks to sample B. There is a slight
variance between 7.2-7.3 ppm because the middle peak of the triplet does not appear to be as
defined. Every other peak is found in identical regions suggesting the two samples are either the
same or very close in structure. Both of those samples are clearly different than the original dye
suggesting that the dye is made up of some impurities. It is unknown though if the impurities are
intermediates or truly different substances.

Conclusion/Potential Future Directions
Most of my research was focused on finding a good enough solvent system that would
work with these difficult dyes. It would be interesting to see if this system works for other dyes,
such as the ones we had ruled out from the initial list of dyes we received. We were able to
determine differences in our dyes and find that the full dye is not made up of just the final
product. While a majority of the final product is our dye of interest, there are also either
intermediates or other impurities found in the dye. For the Coomassie Blue, we still struggled to
clearly see the differences between the samples, so it may help to rerun the HNMR of the
samples or potentially look into using a different solvent for the NMR. The Rhodamine B did
provide more clear results with sample A being relatively similar to the original dye and samples
B and C sharing similarities. It would be interesting to see if samples B and C are identical or if
they are different substances. If this research continues, we would need to find a way to further
analyze the separation samples to determine whether or not they are intermediates or different
products. It would also help to find the actual synthesis pathway that is used to make these dyes
from the laboratories that we purchased the dyes from. Once the full analysis of the dyes is
complete, this research could be applied to other dyes by using a similar experimental process.

Appendix

Fig. 58 HNMR of Rhodamine B (original sample)

Fig. 59 HNMR of Rhodamine B sample A

Fig. 60 HNMR of Rhodamine B sample B

Fig. 61 HNMR of Rhodamine B sample C

Fig. 62 HNMR of Coomassie Blue original sample

Fig. 63 HNMR of Coomassie Blue sample A

Fig. 64 HNMR of Coomassie Blue sample B

Fig. 65 HNMR of Coomassie Blue sample C

List of Chemicals/Solvents Obtained from Sigma-Aldrich
•

Coomassie Blue G

•

Rhodamine B

•

MeOH

•

EtOAc

•

Chloroform-D

•

CH2Cl2

•

Hexane

•

1-butanol

•

Acetic Acid

•

Methanol-d4
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